Abstract. Numerous studies have demonstrated that microRNAs (miRNAs or miRs) are abnormally expressed in retinoblastoma (RB). miRNAs may serve a role in oncogene or tumor-suppressor activity in RB genesis and development by modulating various biological processes. miRNAs therefore, may be effective therapeutic targets for miRNA-based therapy in patients with RB. Recently it has been revealed that miR-503 may serve a role in various types of human cancer. However, the expression and functional roles of miR-503 are rarely reported in RB. In the current study, the expression of miR-503 was significantly upregulated in RB tissues and cell lines. In addition, Cell Counting Kit-8 and in vitro invasion assays were performed to assess cell proliferation and invasion, respectively. The results of the present study revealed that miR-503 inhibition impeded RB in vitro cell proliferation and invasion. Furthermore, protein tyrosine phosphatase nonreceptor type 12 (PTPN12) was demonstrated to be a direct target gene of miR-503 in RB cells. PTPN12 overexpression also led to the downregulation of miR-503 in RB cell proliferation and invasion. PTPN12 knockdown could therefore abrogate the effects of miR-503 downregulation in RB cells. In conclusion, the results demonstrated that miR-503 may serve a role in RB oncogenic activity progression by directly targeting PTPN12. Therefore, miR-503 may be a target for effective therapy in patients with RB.
Introduction
Retinoblastoma (RB), the most prevalent intraocular cancer, is a childhood malignant tumor derived from immature cells in the retina (1) . RB accounts for ~2-4% of all childhood malignancies, in which the morbidity is ~1:15,000-1:20,000 (2) . The typical clinical symptoms of RB include strabismus, nystagmus, red eyes and blindness, which are attributed to the position of the tumor (3) . Multiple factors, including genetic and epigenetic mutation, inactivation of tumor suppressors and the activation of oncogenes, have been revealed to be closely associated with the pathogenesis of RB (4, 5) . However, the detailed mechanisms responsible for RB occurrence and development remain undetermined. Despite significant developments in RB diagnostic and treatment methods, the therapeutic outcomes for patients remains poor (6) (7) (8) . Therefore, assessing the molecular mechanisms of RB formation and progression may provide the basis for their identification as promising therapeutic targets for the treatment of this aggressive disease.
Recently, microRNAs (miRNAs or miRs) have been revealed to be important in cancer research (9) . These endogenous, non-coding and short RNAs are able to regulate gene expression through the binding of miRNA 'seed' regions to complementary sequences of the 3'-untranslational region (3'-UTR) of target genes, ultimately causing mRNA degradation and/or translation reduction (10) . In total, 4,469 different miRNAs, including 1,881 precursor and 2,588 mature miRNAs, have been identified in the human genome (11) . A growing body of evidence has revealed that miRNAs serve a crucial role within carcinogenesis and cancer progression through their effect on numerous physiological and pathological processes including cell proliferation, cycle, apoptosis, angiogenesis, differentiation, metabolism, invasion and metastasis (12) (13) (14) . The aberrant expression of miRNAs has been observed in nearly all types of human cancer, including RB (15) , lung cancer (16) , gastric cancer (17) and thyroid cancer (18) . Depending on the characteristics of their targets, miRNAs may serve an oncogenic or tumor suppressor role within the progression and development of RB (19, 20) . However, further investigation into the detailed roles and mechanisms underlying the effects of dysregulated miRNAs in RB may reveal effective targets for use in patient therapy.
miR-503 has been reported to be dysregulated, serving crucial roles in many types of human cancer, including non-small cell lung cancer (21) , hepatocellular carcinoma (22) , endometrial cancer (23) and cervical cancer (24) . However, the biological roles and expression patterns of miR-503 in RB have not yet been fully elucidated. In the current study, miR-503 expression in RB tissues and cell lines was detected, and the role of miR-503 in the development of RB was also determined. In addition, the mechanisms underlying the activity of miR-503 in RB were assessed. The results of the current study indicate that miR-503 may represent a potential therapeutic target for patients with RB.
Materials and methods
Tissue specimens. The current study was approved by the Ethics Committee of Union Hospital, Tongji Medical College, Huazhong University of Science and Technology (Hubei, China). All participants provided written informed consent for the use of their clinical tissues. RB specimens were collected from 26 patients with RB (17 males; 9 females; age range, 15-43 years) who received surgery at Union Hospital, Tongji Medical College, Huazhong University of Science and Technology (Hubei, China) between August 2015 and July 2017. A total of 8 normal retinal tissues were obtained from patients (5 males; 3 females; age range, 28-61 years) suffering from globe rupture. All patients who received radiotherapy or chemotherapy were excluded from the current study. Fresh tissues were frozen in liquid nitrogen followed by transfer to a -80˚C cryogenic refrigerator until further use.
Cell culture. A total of three RB cell lines (SO-RB50, Y79 and Weri-RB1) and a normal retinal pigmented epithelial cell line, ARPE-19, were purchased from the American Type Culture Collection. Cells were cultured at 37°C in a humidified incubator supplied with 5% CO 2 . DMEM containing 10% v/v heat-inactivated FBS, 100 U/ml penicillin and 100 mg/ml streptomycin (all, Gibco; Thermo Fisher Scientific, Inc.) was used to culture all cell lines.
Transfection assay. A miR-503 inhibitor and the corresponding negative control miRNA inhibitor (NC inhibitor) were purchased from Shanghai GenePharma Co., Ltd. The miR-503 inhibitor sequence was 5'-CUG CAG AAC UGU UCC CGC UGC UA-3' and the NC inhibitor sequence was 5'-ACU ACU GAG UGA CAG UAG A-3'. For protein tyrosine phosphatase nonreceptor type 12 (PTPN12) silencing, small interfering RNA (siRNA) targeting PTPN12 (cat. no. siB0729143707-1-5; PTPN12 siRNA) or negative control siRNA (cat. no. siN0000002-1-5; NC siRNA) were purchased from Guangzhou Ribobio Co., Ltd. To restore PTPN12 expression, the PTPN12 overexpression plasmid pcDNA3.1-PTPN12 (pc-PTPN12) and an empty pcDNA3.1 plasmid were constructed by the Chinese Academy of Sciences. Cells were inoculated into six-well plates with a density of 8x10 5 cells per well one night prior to transfection at 37˚C. Transfection of 100 pmol oligonucleotide, 100 pmol siRNA or 4 µg plasmid was performed using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.), in accordance with manufacturers protocol. The reverse transcription-quantitative (RT-q) PCR analysis was carried out at 48 h post-transfection. Cell Counting Kit-8 (CCK-8) and in vitro invasion assays were performed after 24-and 48-h incubations at 37˚C, respectively.
RT-qPCR.
Total RNA was extracted from clinical samples and cells using a Trizol reagent (Invitrogen; Thermo Fisher Scientific, Inc.), in accordance with manufacturer's protocol.
The concentration and purity of total RNA was evaluated using NanoDrop-2000 (Thermo Fisher Scientific, Inc.).
To detect miR-503, total RNA was reverse transcribed into cDNA using a TaqMan MicroRNA Reverse Transcription kit (Applied Biosystems; Thermo Fisher Scientific, Inc.). The thermocycling conditions for reverse transcription were as follows: 16˚C for 30 min, 42˚C for 30 min and 85˚C for 5 min. qPCR was subsequently performed using the Bio-Rad CFX96TM Real-Time PCR System (Bio-Rad Laboratories, Inc.) with a TaqMan MicroRNA PCR kit (Applied Biosystems; Thermo Fisher Scientific, Inc.). The temperature protocol for qPCR was as follows: 50˚C for 2 min, 95˚C for 10 min, and 40 cycles of denaturation at 95˚C for 15 sec and annealing/extension at 60˚C for 60 sec.
For the quantification of PTPN12 expression, a PrimeScript RT Reagent kit was used for reverse transcription and synthesized cDNA was subjected to quantitative PCR using a SYBR Premix Ex Taq™ (both, Takara Biotechnology Co., Ltd.). The temperature protocol for reverse transcription was as follows: 37˚C for 15 min and 85˚C for 5 sec. The thermocycling conditions for qPCR were as follows: 5 min at 95˚C, followed by 40 cycles of 95˚C for 30 sec and 65˚C for 45 sec.
U6 small nuclear RNA and GAPDH were employed as internal controls to normalize the relative expression of miR-503 and PTPN12, respectively. All data were analyzed using the 2 -ΔΔCq method (25) . The primer sequences were as follows: miR-503 forward, 5'-GCG TAG CAG CGG GAA CAG T-3' and reverse, 5'-CCA GTG CGT GTC GTG GAG T-3'; U6 forward, 5'-GCT TCG GCA GCA CAT ATA CTA-3' and reverse, 5'-CGC TTC ACG AAT TTG CGT GTC-3'; PTPN12 forward, 5'-GCA GGA ACA ACA CAT TCA GG-3' and reverse, 5'-TCC ATT CCG ATC TTA CAG GTG-3'; GAPDH forward, 5'-CGG AGT CAA CGG ATT TGG TCG TAT-3' and reverse, 5'-AGC CTT CTC CAT GGT GGT GAA GAC -3'.
CCK-8 assay.
Transfected cells were harvested 24 h after incubation at 37˚C and resuspended in DMEM containing 10% FBS. A total of 3,000 transfected cells in 100 µl culture medium were inoculated per well into 96-well plates. Cells were incubated at 37˚C in an atmosphere supplied with 5% CO 2 for 0, 24, 48 and 72 h. A CCK-8 assay was then performed to assess cellular proliferation at these time points. CCK-8 solution (Dojindo Molecular Technologies, Inc.; 10 µl) was added into each well followed by incubation at 37˚C for a further 2 h. Absorbance at 450 nm was measured using a microplate reader (Bio-Rad Laboratories, Inc.).
In vitro invasion assay. The invasive ability of RB cells was determined using transwell apparatus pre-coated with Matrigel (each, BD Biosciences). Cells with appropriate transfection treatments were collected after 48 h of incubation at 37˚C and resuspended in FBS-free DMEM. In total, 5x10 4 transfected cells were resuspended in FBS-free DMEM were plated into the upper compartment of transwell apparatus and bottom compartments were covered with 500 µl DMEM containing 20% FBS. After a 24-h incubation at 37˚C, the non-invasive cells were removed with a cotton swab, while the invasive cells were fixed with 4% paraformaldehyde at room temperature for 30 min, stained with 0.5% crystal violet at room temperature for 30 min and air-dried. Invasive ability was assessed by counting the number of invasive cells in five random fields of view using a light microscope (magnification, x200; CKX41; Olympus Corporation).
Bioinformatics prediction. The putative genes of miR-503 were predicted using the miRNA target prediction software, TargetScan (http//www.targetscan.org) and miRDB (http://www.mirdb.org/).
Luciferase reporter assay. The 3'-UTR of PTPN12 containing the wild-type (wt) miR-503 binding site and its mutant (mut) 3'-UTR were chemically synthesized by Shanghai GenePharma Co., Ltd. and inserted into the pMIR-REPORT miRNA Expression Reporter vector (Ambion; Thermo Fisher Scientific, Inc.) to generate pMIR-wt-PTPN12-3'-UTR and pMIR-mut-PTPN12-3'-UTR, respectively. One night prior to transfection, cells were plated into 24-well plates with an initial density of 1.0x10 5 cells/well. Co-transfection of a miR-503 inhibitor or NC inhibitor and pMIR-wt-PTPN12-3'-UTR or pMIR-mut-PTPN12-3'-UTR was performed using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.), following the manufacturers protocol. The Dual-Luciferase ® Reporter Assay system (cat. no. E1910; Promega Corporation) was used to detect luciferase activity 48 h after transfection. Relative luciferase activity was normalized to that of Renilla luciferase activity.
Western blot analysis. A Total Protein Extraction kit (Nanjing KeyGen Biotech Co., Ltd.) was used to isolate total cellular protein from cultured cells according to the manufacturer's protocol. The concentration of total protein was detected using a BCA Protein Quantification kit (Beyotime Institute of Biotechnology). Equivalent proteins (30 µg/lane) were resolved on 10% sodium dodecyl sulfate-polyacrylamide gels, transferred to PVDF membranes and then blocked with 5% fat-free milk at room temperature for 2 h. The following primary antibodies were then added and incubated overnight at 4˚C: Rabbit anti-human PTPN12 (1:1,000; cat. no. ab154892) and rabbit anti-human GAPDH (1:1,000; cat. no. ab181603; both, Abcam). The membranes were subsequently probed with the goat anti-rabbit horseradish peroxidase-conjugated secondary antibody (1:5,000; cat. no. ab6721; Abcam) for 1 h at room temperature. Specific protein bands were developed by an enhanced chemiluminescence system (EMD Millipore). GAPDH was used as a loading control. Quantity One software version 4.62 (Bio-Rad Laboratories, Inc.) was used for the quantification of protein bands.
Statistical analysis. Statistical analysis was performed using SPSS version 17.0 (SPSS, Inc.). Differences between groups were assessed using a Student's t-tests or one-way ANOVA. A Student-Newman-Keuls test was used as a post-hoc test in multiple group analyses. All data were expressed as the mean ± standard deviation and P<0.05 was considered to indicate a statistically significant result.
Results

Expression of miR-503 is upregulated in RB tissues and cell lines.
To determine the expression status of miR-503 in RB, RT-qPCR was performed in 26 RB and 8 normal retinal tissues. The results reveal that the expression of miR-503 in RB tissues was significantly higher compared with normal retinal tissues ( Fig. 1A; P<0 .05). miR-503 expression in three RB cell lines (SO-RB50, Y79 and Weri-RB1) and a normal retinal pigmented epithelial cell line (ARPE-19) were subsequently determined using RT-qPCR. The significant upregulation of miR-503 was observed in all three RB cell lines compared with ARPE-19 cells (Fig. 1B; P<0.05 ). The results demonstrate that miR-503 is highly expressed in RB and that the upregulation of miR-503 may be associated with RB progression.
miR-503 knockdown suppresses the proliferation and invasion of RB cells.
To identify the specific roles of miR-503 in the development of RB, Y79 and Weri-RB1 cells with the highest relative miR-503 level among the three RB cell lines were selected for further study and transfected with a miR-503 inhibitor or NC inhibitor. RT-qPCR analysis revealed that the transfection of miR-503 inhibitor significantly decreased miR-503 expression in Y79 and Weri-RB1 cells ( Fig. 2A;  P<0 .05). Subsequently, a CCK-8 assay was utilized to detect the proliferative ability of RB cells, which were transfected with the miR-503 inhibitor or NC inhibitor. The results demonstrated that the downregulation of miR-503 significantly decreased the proliferation of Y79 and Weri-RB1 cells compared with NC inhibitor treated cells after 48 and 72 h ( Fig. 2B; P<0.05) . Furthermore, an in vitro invasion assay was used to investigate the effect of miR-503 downregulation on RB cell invasion. As indicated in Fig. 2C , the inhibition of miR-503 led to a marked decrease in the invasive capacity of Y79 and Weri-RB1 cells (P<0.05). The results of the present study indicate that miR-503 may serve an oncogenic role in RB.
PTPN12 is a direct target gene of miR-503 in RB cells.
To assess the underlying mechanisms that may be responsible for the action of miR-503 in RB cells, bioinformatics analysis was performed to predict the potential targets of miR-503. PTPN12 possessed miR-503 binding sequences in its 3'-UTR regions (Fig. 3A) . PTPN12 has previously been demonstrated to serve as a tumor-suppressant in multiple types of human malignancy, so was selected for additional analysis (26) (27) (28) (29) . A luciferase reporter assay was used to verify the prediction that PTPN12 served a role in the expression of miR-503. Y79 and Weri-RB1 cells were co-transfected with a miR-503 inhibitor or an NC inhibitor and pMIR-wt-PTPN12-3'-UTR or pMIR-mut-PTPN12-3'-UTR. Luciferase activity detection at 48 h post-transfection revealed that the downregulation of miR-503 significantly increased the luciferase activity of the plasmid carrying wild-type miR-503 binding site in Y79 and Weri-RB1 cells ( Fig. 3B; P<0.05) . However, the luciferase activity in Y79 and Weri-RB1 cells co-transfected with the miR-503 inhibitor and pMIR-mut-PTPN12-3'-UTR was not altered significantly (Fig. 3B) . To assess the roles of miR-503 in the regulation of PTPN12 expression, RT-qPCR and western blot analysis were performed in order to measure PTPN12 expression in Y79 and Weri-RB1 cells in response to miR-503 downregulation. The mRNA ( Fig. 3C; P<0 .05) and protein ( Fig. 3D; P<0 .05) expression of PTPN12 were significantly upregulated in Y79 and Weri-RB1 cells treated with the miR-503 inhibitor. Collectively, these results indicate that PTPN12 may be a direct target gene of miR-503 in RB cells.
PTPN12 restoration phenocopies the effects of miR-503 downregulation in RB cells.
To further assess whether PTPN12 is a direct functional downstream target of RB cell miR-503, a series of functional assays were performed to investigate whether the effects of miR-503 downregulation in RB cells could be achieved by PTPN12 upregulation. Y79 and Weri-RB1 cells were transfected with the PTPN12 overexpression plasmid pcDNA3.1-PTPN12 (pc-PTPN12) to significantly enhance PTPN12 expression ( Fig. 4A; P<0 .05). CCK-8 and in vitro invasion assays revealed that resumption of PTPN12 expression significantly restricted the proliferation ( Fig. 4B; P<0 .05) and invasion ( Fig. 4C; P<0 .05) of Y79 and Weri-RB1 cells, which were similar with those induced by miR-503 downregulation. These results further demonstrate that PTPN12 is a direct target gene of miR-503 in RB cells.
PTPN12 silencing abolishes the effects of miR-503 knockdown in RB cells.
Rescue experiments were performed within the current study in order to investigate whether PTPN12 was required to regulate the proliferation and invasion of RB cells mediated by miR-503 downregulation. Y79 and Weri-RB1 cells were co-transfected with a miR-503 inhibitor and a specific siRNA targeting PTPN12 (PTPN12 siRNA) or NC siRNA. Western blot analysis revealed that miR-503 knockdown significantly increased PTPN12 protein expression in Y79 and Weri-RB1 cells; however, the protein level of PTPN12 was recovered in Y79 and Weri-RB1 cells after co-transfection with PTPN12 siRNA (Fig. 5A; P<0.05) . Similarly, PTPN12 silencing abrogated the effects of miR-503 downregulation in Y79 and Weri-RB1 cell proliferation ( Fig. 5B; P<0 .05) and invasion ( Fig. 5C; P<0.05) , as determined by CCK-8 and in vitro invasion assays, respectively. Data from the current study demonstrates that miR-503 downregulation prohibits the proliferation and invasion of RB cells, at least partly, by negatively modulating PTPN12 expression.
Discussion
A number of studies have demonstrated that miRNAs including miR-137 (30), miR-448 (31) and miR-506 (15) are abnormally expressed in RB. It is now widely accepted that miRNAs may serve roles in tumor-suppressor or oncogene activity in RB development by modulating various biological behaviors, including cell proliferation, apoptosis, angiogenesis and metastasis (32) . miRNAs therefore, may be effective therapeutic targets for miRNA-based therapy in patients with RB. In the present study, miR-503 expression in RB tissues and cell lines was detected. In addition, the detailed roles and underlying mechanisms of miR-503 in RB progression was investigated. The current study may provide novel insight into RB pathogenesis and offer a promising therapeutic target for patients with this disease. miR-503 is downregulated in non-small cell lung cancer, and this downregulation is significantly correlated with lymphatic invasion, distant metastasis, TNM stage and tumor grade (21) . Patients with non-small cell lung cancer and low miR-503 expression possess poorer clinical outcomes than patients with high miR-503 expression (21) . Multivariate analysis identifies miR-503 as an independent prognostic factor for assessing prognosis in patients with non-small cell lung cancer (21) . Low expression of miR-503 is exhibited in hepatocellular carcinoma (22) , endometrial cancer (23), cervical cancer (24), osteosarcoma (33), gastric cancer (34, 35) , breast cancer (36) and prostate cancer (37, 38) . By contrast, miR-503 is overexpressed in colorectal (39, 40) and oesophageal (41) cancer. However, the expression of miR-503 in RB remains unclear. In the current study therefore, RT-qPCR analysis was used for the detection of miR-503 expression in RB tissues and cell lines. The results of the present study demonstrated that miR-503 is significantly upregulated in RB tissues and cell lines. miR-503 may be an attractive biomarker for the diagnosis of patients with these specific cancer types.
miR-503 serves tumor-suppressive roles in hepatocarcinogenesis and progression by affecting cell angiogenesis, cell cycle, growth, metastasis and chemotherapy sensitivity (22, (42) (43) (44) (45) . In non-small cell lung cancer, restoration of miR-503 expression inhibits cell proliferation and metastasis in vitro and in vivo and improves chemosensitivity to cisplatin (46, 47) . In endometrial cancer, miR-503 upregulation attenuates cell viability, colon formation ability and cell-cycle status in vitro (23) . In gastric cancer, miR-503 re-expression restricts cell proliferation, migration, invasion, epithelial-to-mesenchymal transition and cisplatin resistance (34, 35) . In prostate cancer, resumption of miR-503 expression suppresses cell colony formation in vitro; decreases tumor growth and metastasis in vitro and in vivo (37, 38) . In contrast, miR-503 serves as an oncogene in colorectal (39, 40) and oesophageal (41) cancer and participates in the regulation of biological behaviors associated with tumorigenesis and tumor development. However, the specific roles of miR-503 in RB development remain largely unknown. In the current study, CCK-8 and in vitro invasion assays were used to investigate the effects of miR-503 underexpression in RB cell proliferation and invasion, respectively. The results of the present study demonstrated that the downregulation of miR-503 impedes the proliferative and invasive abilities of RB cells, indicating that miR-503 may be a potential therapeutic target for the anticancer therapy of patients with these human malignancies types.
Various genes have previously been identified as direct targets of miR-503, including fibroblast growth factor 2 (22), vascular endothelial growth factor A (22), cyclin D3 (42), transcription factor E2F3 (42) and protein arginine N-methyltransferase 1 (43) . In the current study, PTPN12 was demonstrated to be a direct target gene of miR-503 in RB. PTPN12, is a member of the Protein tyrosine phosphatases family (48) and is frequently downregulated in several types of human cancer, including nasopharyngeal carcinoma (28) , ovarian cancer (49), breast cancer (50) and hepatocellular carcinoma (51) . PTPN12 serves as a tumor-suppressor in cancer initiation and progression by regulating a wide range of biological processes, including cell proliferation, apoptosis, migration, invasion, metastasis and chemotherapeutic resistance (26) (27) (28) (29) . The current study demonstrated that PTPN12 upregulation inhibits the proliferation and invasion of RB cells and that the inhibition of miR-503 directly targets PTPN12, suppressing the progression of RB. Therefore, miR-503 knockdown or the restoration of PTPN12 expression may be potential therapeutic techniques for patients with RB.
In conclusion, the results of the current study revealed that miR-503 was significantly upregulated in human RB tissues and cell lines. The downregulation of miR-503 inhibited the proliferation and invasion of RB cells by directly binding to the 3'-UTR of PTPN12 and negatively regulating its expression. Due to this, miR-503 may provide further insight into RB development and offer a valuable therapeutic target for improving the outcomes of patients with RB. The current study included two limitations. Firstly, the correlation between clinical factors and miR-503 expression in patients with RB was not investigated. Secondly, the effects miR-503 overexpression RB cells were not examined. These limitations should be resolved in future study.
